Abstract. Green barley leaves (Hordeum vulgaris) floated on the surface of 0.05 Mi ethylenediamine disodium tetraacetate, EDTA-ZNa, pH 7.0 and exposed to light (5000 lux) at 250 exhibited a marked bleaching (EDTA-bleaching) visible to the naked eye and paralleled by a striking reduction in content of chlorophylls a and b. This loss of color did not occur in controls which were treated with H,O instead of EDTA (water controls). In darkness the leaves in the water controls were bleached while EDTA-treated leaves retained all their color.
During the past 8 years the authors have investigated the effect of gaseous ions on higher plants and have found that moderate concentrations of positive and negative ions markedly stimulate plant growth and increase oxygen consumption (2, 3, 6, 7) . They increase both the rates of shrinking and swelling of isolated chloroplasts and the utilization of ATP in the process (4) . They enhance iron uptake and in plants suffering from iron chlorosis increase the "residual" iron pool (including cytochromes and other Fe-containing enzymes) while the "active" iron fraction of the tissues decreases and the chlorophvll content is diminished (2, /7). Active iron, contained in the chloroplasts, participates in the production of chlorophyll while residual iron is not associated with chloroplasts nor is it involved in the biosynthesis of chlorophyll (1, 8) .
In studying the effect of air ions on chlorophyll biosynthesis attempts have been made to use etiolated seedlings for the preparation of isolated chloroplast suspensions which had retained their ability to produce chlorophyll. Unfortunately such isolates bleach when exposed to light; even green chloroplasts become decolorized during light treatment for 72 hr. In our experience retention of the green color of chloroplasts is closelv linked to their retention of catalytic activitv. Therefore it seemed reasonable that if one knew how to prevent the bleaching of chloroplasts, he might hope to obtain etiolated chloroplast suspensions capable of synthesizing chlorophyll in the light. These considerations led us to study the mechanism of decolorization of isolated green chloroplasts in a defined medium.
In preliminary experiments it was noted that EDTA, a component of the isolation and suspension medium, was responsible for the decolorization of green chloroplasts. It appeared to us that an understanding of this phenromenon would be useful not onlv in defining the conditions requisite for physiological maintenance of isolated chloroplasts but also in providing further insight into the nature of the chlorophyll-lipoprotein complex-the minimal biochemical unit essential for the full performance of photosynthesis. We are reporting here experimental observations on the EDTA 'bleaching of barley seedlings. The seeded tray Nvas placed in an incubator at 25' and the seeds were allowed to germinate in darkness for 3 days. Then the seedlings -were placed in the open roomii, exposed to indirect light (300 lux) for 48 hr and then to direct light (5,000 lux) for 48 hr. Whein the seedlings had developed a full green color, the green leaves were harvested. Five grams of green leaves were cut transversely into small pieces (ca. 5 mm) with scissors and placed in a clear plastic chamber containing 100 ml of the mediumii specified in the text.
At stated intervals 0.5 to 1.0 g of leaves were collected, washed with a 500 ml volume of distilled water, blotted dry and weighled. The washed leaves were extracted 3 times witlh 50 ml of boiling 80 % (v/v) ethanol, and once with boilin-g ethyl ether.
All alcoholic fractions were comibined to form a chlorophyll extract and the ethereal fraction was discarded. After evaporating the ether, the residues were dried in an oven at 500 and their dry weights were determined. The alcoholic extract w'as kept in the refrigerator overnight and then centrifuged at 10,OOOg for 10 min. 
Experimental Results
Wheni green barley leaves Nwere floated oni 0.05 al EDTA-2Na, pH 7.0, exposed to light (5000 lux) at 250, the leaf tissues were completely bleached to a yellow color within 40 hr. (3 g ) were floated on the surface of 200 ml of the specified medium in a 500 ml Erlenmeyer flask, nitrogen gas was bubbled through the medium and the leaves were exposed to light (5000 lux) for 48 hr. and 100 % N9 gas respectively into the ml1edia coiltained in an Erlenmeyer flask. Table I shows that after 48 hr exposure to light under anaerobic conditions no apparent bleaching occurred. Intact green barley leaves treated with EDTA yielded bright green colored residues after extraction with boiling 80 % (v/v) ethyl alcohol.
Condition
The green pigments in the residues could not be extracted even after 'boiling with 70 % ethyl alcohol for 30 to 60 min. As a result marked bleaching was recorded in terms of boiled alcohol soluble chlorophvlls (table I). In the case of boiled leaves their initial dark green color altered to a slightly brownish green during exposure to light in EDTA solution or in water. This green pigment present in boiled leaves was extracted completely with boiling 80 % (v/v) ethanol within 10 min, leaving a residue of a faintly yellowish tinge. Accordingly no bleaching was recorded in terms of chlorophyll content (table  I) . (table II) . The residues remaining after a 10-min period of extraction with boiling alcohol were wvhite to gray in color withlout any visible greenish cast. In order to determine whether protein metabolism is involved in EDTA-bleaching, the trichloroacetic acid soluble nitrogen (total nucleic acid fraction) and total protein nitrogen (8) were determined by Nesslerization after wet digestion of samples. One might be inclined to conclude that the bleaching effect of EDTA is produced 'by the chelating action of the EDTA molecule, i.e., the magnesiun atomll in the chlorophyll molecule may be removed in the fornm of an EDTA-Mg chelate complex with the rest of the pvrrole rings of the chlorophyll nmolecule undergoing decomposition either by spontaneous photolysis or 'by an enzyme-linked photodecomposition. However, this concept is not compatible with the fact that alcohol or acetone extracts of watertreated leaves are bleached completely by exposure to light wlhile in the presence of EDTA the chlorophyll preparations retain their green color permanently ' (Fig. 4) No attempt has been made here to develop a hypothetical mechanism of EDTA action whiclh would account for all the observed phenomena. This will be done in a subsequent paper utilizing the results of additional experimentation now in progress.
